Abstract. Patients with chronic ulcerative colitis have a significantly increased risk of colorectal cancer development. This study was aimed at clarifying whether colitis promotes tumor development or not. A dose of 200 mg/kg body weight 1,2-dimethylhydrazine was given to male Wistar rats. Four weeks later, 5% acetic acid (colitis group) or 0.9% saline (control group) was administered intrarectally once a week for 12 weeks and the rats were sacrificed after 27 weeks of dimethylhydrazine injection. Macroscopic lesions (ML) were more frequently detected in the colitis group than in the control group without statistical significance. However, the number of ML per rat with ML was largest in the colitis group (4.50 vs. 1.33; p=0.039). Eleven of 13 tumors were sessile in the colitis group, while three of five were pedunculated in the control group (p=0.044). All ML of 3 mm or more in diameter in the control group were intramucosal well-differentiated tumors. In the colitis group, 4 of 13 tumors were poorly or moderately differentiated or mucinous carcinomas, and 11 of 13 invaded the submucosal layer or deeper (p=0.003). The number of aberrant crypt foci per rat was smaller in the colitis group than in the control group. The number of crypt orifices was larger in the colitis group than in the control group (23.6 vs. 8.8: p<0.001). Significantly higher proliferative activity of normal-appearing mucosa was noted in the colitis group in all three parts of the colon. Colitis is suggested to promote colonic tumor development.
Introduction
Although a significantly increased risk of colorectal cancer is recognized in patients with chronic ulcerative colitis (UC) in comparison with the background population (1), the role of UC in the development of colorectal cancer remains unknown (2) . Some researchers have hypothesized that a genetic factor (3), folate deficiency (4), or extraintestinal manifestations of UC, such as cholestatic liver disease (5) , are involved in the etiology of this cancer. As chronic inflammation of other organs, e.g. esophagitis (6) , cholecystitis (7) , and gastritis (8) is associated with an increased incidence of cancer, it has been suggested that UC-associated carcinogenesis is related to the inflammatory disease process itself (9) .
Carcinogenesis consists of at least three processes: initiation, promotion and progression (10) , and the mechanism by which colitis influences tumor generation has not yet been determined. It is speculated that the effect of inflammation on carcinogenesis may be due to increased initiation; i.e., in the presence of inflammation, increased cell turnover enhances the possibility of genetic transcriptional errors, which increases the chance of tumorigenesis. Another hypothesis is that inflammation promotes tumor development, especially from subclinical lesions to life-threatening tumors.
To determine whether colitis promotes tumor progression or not, we investigated the influence of repeated acetate enema-induced chronic colitis on tumors induced by 1,2-dimethylhydrazine (DMH) injection.
Animals and methods
Animals and study design. Twenty-one male Wistar rats aged 4 weeks were purchased from Charles River Japan (Yokohama, Japan). They were individually kept in aluminum wire cages. A week later, 200 mg/kg body weight of DMH (Wako Chemical Industries, Osaka, Japan) was administered to the rats, which were randomly allocated to two groups: colitis group and control group. Four weeks later, 6 ml/kg 5% acetic acid (colitis group) or 0.9% saline (control group) was administered intrarectally via an 8-cm silicone catheter once a week for 12 consecutive weeks. At 27 weeks after DMH injection, rats were intraperitoneally injected with 10 mg/kg bromodeoxyuridine (Sigma, USA) and, 30 min later, they were sacrificed. The colon, liver, and lymph nodes near the colon were excised. The colon was opened by a longitudinal incision, pinned out on a cork board, and fixed in 10% formaldehyde.
All animals were treated in accordance with the guide for animal experimentation of the Faculty of Medicine, the University of Tokyo.
Surface examination. The size of macroscopic lesions (ML; visible with the naked eye) was expressed as the diameter in mm. The mucosal surface was stained with 0.1% methylene blue and examined with a stereomicroscope (Olympus, Tokyo, Japan). Aberrant crypt foci (ACF: Fig. 1 Bromodeoxyuridine staining. Four-μm-thick sections were deparaffinized in xylene and rehydrated in decreasing concentrations of ethanol. After 0.1% trypsin digestion for 20 min at 37˚C, the slides were incubated in 95% formamide Proliferative activity. Proliferative activity was expressed as the ratio of positively-stained cells in bromodeoxyuridineimmunostained slides. For normal-appearing epithelium, welloriented crypts were counted. For tumors, the ratio of stained neoplastic cells to all neoplastic cells in randomly selected fields was expressed as proliferative activity. All slides were coded and read by investigators blinded to their identity.
Statistics. Numeric data were expressed as mean ± standard deviation. Mann-Whitney's U-test was performed for numeric data, and Fisher's exact test (two group comparison) or Cuzick test (more than two group comparison) was performed for categorical data using Statview version 4.5J on a Macintosh computer. A level of p<0.05 was considered statistically significant.
Results
Survival and body weight (Fig. 2) . Only one rat in the control group died, on the day after DMH injection, and was excluded from the study. No other rat died before sacrifice. Although body weight was nearly the same in the two groups before colitis induction, rats in the control group tended to be heavier than those in the colitis group thereafter, but the difference did not reach statistical significance.
Macroscopic lesions and aberrant crypt foci.
Representative specimens are shown in Fig. 3 . More than 90% of rats in the colitis group had ML, whereas two thirds of rats in the control group had ML, but the difference did not reach statistical significance (p=0.285). The number of ML per rat with ML was significantly larger in the colitis group than in the control group (4.50±5.32 vs. 1.33±0.52, respectively; p=0.039). Thus, we found more ML in colitis rats than in the control group. All rats in both groups showed ACF. The number of ACF per rat tended to be smaller in the colitis group than in the control group (14.3±8.13 vs. 25.6±11.0; p=0.068).
The average size of ML was essentially the same in the two groups. However, there were four large tumors with a diameter of 10 mm or more, all of which belonged to the colitis group. The proportion of ML in all tumors (the sum of ML and ACF) was significantly higher in the colitis group than in the control group (p=0.0023). ACF in the colitis group were significantly larger than those in the control group (23.6±19.9 vs. 8.78±8.19; p<0.001). Therefore, colitis was suggested to make ACF larger, and some of the ACF became visible, which resulted in the presence of larger ML. I, Fig. 3 ). The proportion of sessile tumors was significantly higher in the colitis group than in the control group (92% vs. 40%; p=0.044). In the control group, all ML were intramucosal, welldifferentiated neoplasms whereas, in the colitis group, 4 of 12 tumors were histologically poorly differentiated, moderately differentiated or mucinous carcinoma. While all ML were Table I . Number of macroscopic lesions (≥ 3 mm) according to pathological characteristics. 
Pathological characteristics of tumors (Table
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intramucosal in the control group, 10 of 12 (83%) tumors were invasive cancer in the colitis group. This difference was statistically significant (p=0.003).
Proliferative activity (Fig. 4) . Normal-appearing mucosa showed significantly higher proliferative activity in colitis rats than in control rats (0.063±0.045 vs. 0.027±0.027; p<0.0001).
Although bromodeoxyuridine labeling index of tumors in the colitis group was higher than that in the control group (0.049±0.077 vs. 0.022±0.025), the difference did not reach statistical significance (p=0.78).
Discussion
In the present study, the number of ML was increased in the colitis group. On the other hand, the total number of lesions did not differ significantly, or was even smaller in the colitis group. This increase in number of ML can not be explained by increased chance of initiation. Furthermore, large ML (>10 mm in diameter), a high frequency of ML, and larger ACF were seen in the colitis group. We interpret this increase in size of macroscopic and microscopic lesions without a change in the total number of lesions as promotion of carcinogenesis by colitis. Our results showed that invasive cancers were detected only in the colitis group, which implies that colitis takes part in the progression of carcinogenesis. Thus, colitis is associated with promotion and progression of tumors in this model. Bromodeoxyuridine immunostaining in the present study showed that normal-appearing mucosa in the colitis group had significantly higher proliferative activity than that in the control group. As promotion is considered to be related to an increase in the cell cycle (10) , this result also supports the hypothesis that colitis promotes colonic carcinogenesis.
Tumors in the colitis group included invasive carcinoma and poorly differentiated adenocarcinoma, which were not 
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seen in rats without colitis. Similar findings were reported previously. Long-term administration of dextran sulfate sodium produced mucinous carcinomas in hamsters (11) . A mucinous carcinoma was found in a rat treated with simultaneous administration of DMH and dextran sulfate sodium (12) . Furthermore, the ratio of mucinous or poorly differentiated cancers is higher in human UC than in sporadic cancer patients (13) . Thus, mucinous or poorly differentiated cancers may have a growth advantage in colitis, or histological transformation may be induced by colitis. Further study is needed to clarify the mechanism.
Previous studies have revealed that long-term administration of colitis-inducing agents, such as dextran sulfate sodium (14) (15) (16) and degraded carrageenan (17) (18) (19) , induced colonic tumors. In these models, however, the timing of initiation and promotion can not be distinguished. Moreover, it is quite difficult to exclude that these chemicals are mutagenic because even a small mutagenic effect might cause genetic change in the long term. Another representative model was induced by simultaneous administration of a carcinogen and a colitis inducer (20) (21) (22) . An inherent weakness of this model is that the increased number of tumors may not be due to colitis itself but to increased carcinogen uptake into colonocyte nuclei in association with the increased cell cycle due to colitis. Carcinogens and colitis-inducing agents should not be administered simultaneously, in order to clarify the influence of colitis on tumor development. Davis et al reported that DMH had been metabolized by 24 h after injection (23) . Therefore, we adopted a model with a single injection of a relatively high dose of DMH followed by repeated acetic acid enemas at intervals of 4 weeks. To our knowledge, no similar protocols have been used previously. In the present study, acetic acid was used to induce colitis because it has a simple chemical structure and is physiologically present in the colonic lumen. DMH was selected as a carcinogen because it is one of the most commonly used substances for generating colonic neoplasia.
Poorly differentiated adenocarcinoma and mucinous carcinoma are more common in UC (13) . Furthermore, significantly higher proliferative activity of normal-appearing mucosa is reported in UC patients (24) (25) , especially in tumorbearing colitis patients (Shinozaki M, et al, Gastroenterology 106: abs. 440, 1994). These characteristics are similar to our model. Therefore, a single DMH injection followed by repeated administration of acetic acid at intervals of 4 weeks is a model that resembles clinical colitic cancers. At the same time, this model provides a relatively high frequency of invasive cancers. We think that this model is also useful to investigate the mechanism of invasion by colorectal cancers in vivo.
In our study, the number of ACF in the colitis group was smaller than that in the control group. This decrease may be attributable to the colitis; i.e., colitis may destroy ACF as well as normal epithelium. Another possible explanation is that this decrease could be due to ML. In the colitis group, very large tumors were present, which were absent in the control group. As ACF were not counted in a large tumor, there may be a difference in the area of non-neoplastic colon between the two groups. A third explanation is that promotion of the lesions may have resulted in a decrease in ACF; i.e. some ACF became larger and were identified as ML, with a decrease in number of ACF.
This study was designed to examine the promoting effect of colitis on carcinogenesis. Therefore, the role of colitis in the initiation of chronic carcinogenesis remains unknown. However, the numbers of ML and ACF in the proximal colon were essentially the same in the two groups, though bromodeoxyuridine labeling index in normal-appearing mucosa was significantly higher in the colitis group. Thus, the influence of colitis on initiation may be smaller than its effect on promotion or progression. Further investigation is required to clarify the process of carcinogenesis in colitic cancer.
In conclusion, acetic acid-induced colitis promotes DMHinduced colonic tumor development. This model may be useful for investigation of carcinogenesis in UC and the mechanism of cancer invasion.
